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S~O Observations  Subterraneous Heat. 
fossils. He attempts to prove that neither volcanoes, earth- 
quakes, rivers, nor currents, could possibly arrange the 
surface of the earth as it is in the present day. 
These ideas have also been entertained by several celebrated 
naturalists, especially when restricted to the last ebange x- 
perienced by the earth. Your committee (commissaires) 
even feel themselves able personally to adopt them in part, 
although they well know that the reasons which determine 
them cannot have the same influence on all the world. Yet, 
for the reasons which they have befbre stated, they do not 
wish to engage the Class to pronounce on such subjects. 
But they do not hesitate to propose, that the Class should 
testify to M. Andr6 the esteem which it owes to his labo- 
rious researches, and to the enlightened zeal which induces 
him to continue his useful abours at so advanced an age. 
They do not doubt that the work of this respectable philo- 
sopher will be received by naturalists as a collection so rich 
in interesting facts ought to be. 
LVII. Observations upon Subterraneous Heat, made in the 
Mines of _Poullaouen, and of Huelgoat, in Britany, in 
France. //y J. F. D,~u~vxssoN*. 
THERE are few questions in physics, respecting which it 
is more necessary to be in possession of positive and well 
established facts, than the temperature of the interior of the 
globe, taken at depths which it is in our power to visit. I 
have already published some facts on this subject with re- 
spect to the mines of Saxony, and now proceed to detail 
some others resulting from observations made last summer 
(18o6) in the mines of Poullaouenj and of Huelgoat~ in 
Britany. The habits to which I have been accustomed of 
examining these subjeets~ added to my knowledge of the 
country, having enabled me to choose, with some discern- 
ment, the points where I wished to ascertain the tempera- 
ture, I hope that the facts I am about to relate will not be 
ur.ixateresting to those who are occupied with the physics of 
o From the Journal des Mines, vol. xxi. p. 119, 
the 
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Observations on Subterraneous Heat. 321 
the terrestrial globe. The thermometer I used was a mer- 
curial one, and graduated into twenty-~bur parts, from the 
freezing point to that of boiling water. It was inclosed in 
a glass tube. I ascertained by experiment, hat when it in- 
dicated a certain degree of heat, and when it was removed 
about twelve degrees therefrom, three or four minutes were 
requisite if it was dipped in water at the freezing tempera- 
ture, and eleven or twelve minutes when held in the air. 
According to these data, t all times when I wished to take 
the temperature of a mass of water in mines, I plunged the 
thermometer ntirely into it and kept it there five minutes- 
when a mass of air was to be examined, I held the thermo- 
meter a quarter of an hour. All these observations were re-~ 
duced to the centigrade thermometer. However great the 
care and patience I bestowed, I could never answer pre- 
cisely within a quarter of a degree. 
Observations made at Poullaouen. 
I shall begin by describing the position of the place. 
The mine of Poullaouen is situated i.n 48 ° 17' 49 p~ of lati- 
tude, and ,5 ° 55 ~ ,57" longitude west from Paris : its orifice 
(St. George's pits) is i06 metres above the level of the sea. 
It is four myriametres from the north extremity of Britany, 
and six from the south and east extremities. The country" 
in which it is, situated forms part of the tongue of land 
which, in the form of a roof, the ridge of which is 260 metres 
above the level of the sea, advances into the ocean, and con- 
stitutes the country called Britany. The district in which 
ihe mine is situated is about 150 metres above the level of 
the sea: this country is broken up in every direction by 
valleys; one of them resembles an almost circular basin 
about a thousand metres in diameter, and it is under the 
soil of this basin (which is 106 metres above the level of the 
sea) that the mine of Poullaouen is wrought. 
According to the law followed by the heat of the equator 
at the pole, the mean temperature of the surface of the 
earth at Poullaouen ought to b'e 12.4 °e. The elevation of 
I have been led both from theory and observation to use an e~rtremely" 
slmple expression describing- the thcrmometrical temperature of any place, the 
latitude of which is known. This expression is, 30'70 Coss. ~.~s latitude; or 
with a smtlcient exactitude in the temperate zone, 280 Coss..2 latitude. 
Vol. 33. No. 132. April 1~o9. X the 
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3~ Observations  Subterraneous Heat. 
the ground requires nearly a degree of diminution ; so th~ 
we may estimate the mean temperature as 11"5 °. 
My observations were made on the 5th of September 1806. 
During the whole of the day the sky was serene and cloud- 
less. The temperature taken in the shade at mid-day was 19% 
In detailing the r st of my observations, I shall lay down 
the position of the points at which they were made, as well 
as what appeared to me to influence the temperature. By 
the side of each thermometrical expression I shall give the 
depth below the surface of the point to which it refers :
1st, In the first gallery, called the level of 50 feet, near 
the pit by which we descend, in a place where there is but 
a feeble current of air, a little water which was upon the 
ground indieated,--Temperature 13"1~. Depth 16 m. 
2d, In the gallery of St. George, under the intersection 
of three branches of the ridge, in a kind of culde sac, far 
distant from the place occupied by the miners, where there 
was no current of air, but from the upper part of it a great 
quantity of water filtered. This water gavel--Temperature 
1"9 ° . Depth 39 ~. 
3d, The water of filtration which fell into this gallery 
(St. George's) indicated, on being brought o the mouth of 
the pit,~Temperature 12'1 °, Depth 39 m. 
4th, Thirty-six metres lower down, at the level of la 
Boullaye, towards the extremity of a long gallery, where 
there is neither a current of air nor a single workman ; in 
the water I found,~Temperature 11"9 °. Depth 7~r% 
• ~th, At the veu bottom of St. George's pit, in the hole 
wherein the waters collect which have fallen from above 
the water iudieated,~Temperature 14"~ °. Depth 142 m. 
6th, The air above this water,--Temperature 1,~°. Depth 
141 m. 
7th, In the hole at the bottom of the pit St. Barbe, (at 
the other extremity of the mine~) in the water I found~ 
Temperature 13"5 °. Depth 150 ~. 
8th, In the air above this water,~Temperature 14'4% 
Depth 150 m. 
9th, The water of the old excavations adjoining,--Tem. 
perature 13"3 °. 
N.B.  
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Observations on Szlbterraneous Heat. S23 
/'V.B, The waters coming from the filtrations (which prin- 
cipally take place in the upper parts of the ancient works) 
are cold ; .and as they form the greater part of those which 
flow into the pit or well of St. Bathe, they are the cause of 
the little heat presented by those which e,~M-there. 
10th , In an excavation ot far distant from the bottom 
of the well of St. Barbe (called the furnace gallery), the sides 
of which are almost completely covered with radiated py- 
rites, partly efftoreseent, tlle thermometer left for more 
ttmn a quarter of an hour in a small hollow made in the 
midst of the pyrites, and which contain a good deal of white 
sulphate,--in this case the thermometer stood oh--Tempe-  
rature 14"6 °. Depth 1.to TM. 
1 lth, When afterwards plunged ifito a small hole whence 
avery stro~lg spring issued, it also stood at,~Temperature 
14"6 ° . Depth 140 m. 
Consequences.~Ist, Observations _'2, 3, and4, prove in- 
contestably that the heat of the rock in the upper parts of the 
mine is 12 °, as the waters which indicated it fiItered through 
the rock ; and we find that this temperature does not sen- 
sibly differ from that pointed out by theory. If  the first Ob- 
servation gave a greater heat, it is because it was made in a 
place through which air from without continually passes ; 
and this air was warm, the experiments having been made 
at the end of summer. 
2d, Observations 5 and 6 also show that the temperature 
of the lower parts of the mine is more considerable than 
that of the upper parts. If  in deep places the air appears 
to be warmer than the water, it is probably because it has 
preserved a part of the heat which it had upun entering the 
mine. I have already assigned the reason which accounts 
for our having in Observations 7, 8, 9~ a less heat than 
might be expected from the depth. 
3d, F_.xperiments 10 and 11 show that there are cases in 
which the presence of pyrites does not produce heat: the 
heat indicated in these cases cannot depend upon that cause :
in the pit of St. George there is no pyrites, and the tempera° 
ture is the same. 
Thus, if we abstract every extraordinary cause, the Ob- 
X 2 servations 
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324 Observations on Subterraneous Heat. 
servations I have related appear to me to indicate that, at 
the depth of 150 metres, the temperature is at Pouallouea 
3 ° or 4 '~ higher than at the surface of the ground. 
Observations made at t~ue~oat. 
The mine of Huelgoat is situated at 48 ° 18' 17 ° latitude, 
and 60 l '  46" of west longitude : its orifice (the mouth of 
the pit) is 173 metres above the level of the sea. It is situ- 
ated upon a broad hill, which separates two valleys~ the 
depth of which is from 80 to 90 metres. 
From what we have said as to the latitude and elevation, 
we may conclude that the mean temperattlre is 11 °. 
The roc~k like that at Poutlaouen is an argillaceous ehistj 
and also contains everal strata of aluminous chist. 
The following are the Observations made by me on the 
.Sth of September, beil~g on the same day ~¢ith those made 
at Poullaouen. 
1 st, In a gallery about five metres below tlle one by which 
the workmen generally enter the mine, which has no other 
orifice but one, and which no person has entered for many 
years, where there is no current of air, the thermometer 
placed at its northern extremity marked in about 20 mi- 
nutes,--Temperature 11 °. 
After having descended the pit called the Miners' pit, I 
entered another pit which adjoined agallery absolutely with- 
out any communleation with the rest of the rain% and in 
which there was consequently no current of air. 
"2d, The thermometer, when plunged into a little stag- 
nant water uponthe ground, rose to,--Ternperature 12"~°. 
Depth 7o ~, 
3dj I reascended to the first gallery, and in the water of 
a gutter, in a place through which a current of air p~.ssed, 
the thermometer marked,~Temperature 13"7 °. Depth 60 ~. 
I then proceeded southward, to the spot where they were 
then working. 
4th, In the second gallery, a little way from the pit by 
which the produce of the mines i extracted, in a place where 
there was a continual and strong current of air, a little stag- 
nant water markedj~Temperature 15 °. Depth 8o' .  
,Sth, 
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Observations on Subterraneous Heat. 325 
5th, In the fifth gallery, the thermometer, pl.mged into a 
water-tank near the great pit, rose t%mT¢mperature 17°. 
Depth 160". 
6th, At the extremity of the gallery No. 9+, a great quan- 
tity of water is seen to issue from the rock slightly vitriolic :
the thermometer, when held a quarter of an hour in the midst 
of the je b constantly markedj--Temperature 19"7 °. Depth 
~30 ~. 
7th, When held in the air on one side~ it also marked~ 
Temperature 19"7 °. Depth 230 'n. 
8th~ About 60 paces nearer the mouth of the pits, the 
water of the stream formed from the above jet stood als~ 
abDTemperature 19' 7 °. Depth 230 m. 
The bottom of the mine was under water which was 16 
metres deep. I descended through a small pit, a short way 
from the great one, to the level of the subterraneous lake. 
9th, The thermometer, ~vhen kept for a quarter of arl 
hour upon a plank floating in the water~ marked,--Tem- 
perature 18"8% Depth 238 m. 
lOth, When plunged in water it also indicated~Tem- 
perature 18'8% Depth 238 ~. 
All the water which flowed into this southern part of the 
mine proceeded to the subterraneous lake from which it was 
pumped up. 
1 lth, The temperature of the water poured into the gal- 
lery No. 7, from the pump, was~Temperature 19"4 °, 
Depth 18o =. 
Proceeding along this gallery the water flowed into 
another pit in the northern part of the mine. 
12th, Here it mingled with a small quantity of water~ 
the temperature of which was ! 5 °. Depth 12o m. 
l~th~ And when the whole together were poured, by means 
of pumps, into the uppermost gallery, they markedj~Tem- 
perature 18"4 °. 
We have here two classes of observations~ which must be 
kept distinct ~ namely, those made in the northernj and 
in the southern part of the mine. 
The former, in my opinion, indicate the natural tempera- 
ture of the soil. No. 1~ being made 20 or 30 metres below 
X a the 
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3~26 Observations on Subterraneous Heat. 
the surface of the ground, ought to be regarded as glvlngthe 
real degree of heat of the surface of the country in general. 
I see no cause which could alter the temperature naturafly 
proper for this place, which is far distant from any working 
places: one thing is certain, that it continues the same 
during the whole year ; and the result is precisely the 
same as pointed out by theory. Observations 2 and 3 also 
show that this temperature increases in proportion as we 
descend. The current of air in the first gallery accounts 
for the trifling excess of heat we remark there in propor- 
tion to the depth. 
As to the t~mperature of the Observations made in the 
southern part of the mine, it is visibly influenced by an ex- 
traneous cause ; namely, by the vitriolic water which flows 
from the south. On digging a new pit I00 metres distant 
from the south part of the present workings, they have cut 
through beds of an aluminous schistus, which has a very 
s.trong styptic taste. By the help of a microscope we dis- 
cover in it a multitude of pyritous points, which, by their 
decomposition and their action upon the schistusj have 
probably produced a disengagement of caloric, which must 
have heated the water passing through these beds. The 
htternot being very deep, communicate with the atmosphere 
by some fissures, wI~iIe decompositions and disengagements 
must have been effectuated in the interior of the earth. 
However this may be, it seems certain that it is by pass- 
ing through these beds that the water must have acquired a
heat of ~o °, a heat far superior to that which agrees wilh 
the depth at which it is found. 
I shall also here observe, that if we ascribe this heat to 
the pyrites, they produce it by their action upon the schis- 
tus. In the observations made at Poullaouen, we have seer, 
pyrites in a considerable quantity occasion o particular in- 
crease of heat. I shall repeat here what I have said in an- 
other place: I have seen workings of pyrites, and I have 
rtot found the heat sensibly stronger thaa in other mines: 
thus I am led to think that the pyrites in a mass, at least 
those not radiated, produce no subterraneous heat : but those 
which are disseminated in minute particles in a body upon 
which 
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Method to ascertain the F'alue of Growing Timber Trees. 3°~7 
which the sulphtaric acid can have an action, act different- 
ly when there is an accession of atmospheric air. I have 
remarked in another Memoir, that it is not the coal which 
contains most pyrites, which gives in the inside of the 
mines the inflammable gas known by the name of fire- 
damp, but rather the coal which contains little or none 
visible to the naked eye, and in which the sulphuret of iroa 
probably exists in particles not discernible. 
i I m 1 . . . .  It n i l  " m  
:LVIII. Method of ascertaining the Value of Growing Timber 
Trees, at different and distant Periods oJ" Time. By M~¢. 
CHARLES WAISTEL/~,, o f  High Holborn *. 
SIR~ 
CoNcEIvI~c, that the Tables contained in the annexed 
papers will afford useful infbrmation to growers of timber, 
and tend to encourage the growth of it in these kingdoms, 
and thereby promote the views of the Society of Arts, &c. 
I trust you will have the goodness to lay them befbre the 
Society, as I have fbrmed them with great attention. 
Having last autumn viewed some plantations made under 
my direction about thirty years ago, I found the value of one 
of them much to exceed my expectation. 1 became there- 
fore desirous to devise some means of estimating what its 
value might probably be at different future periods. I was 
thus led to construct he first of these tables, and on the 
completion of this, other tables seemed necessary ; and I was 
thus progressively led on to the construction of the whole. 
For this purpose I searched in various authors for the mea- 
sure of trees, in girt and height, at different ages, and ob- 
tained similar intbrmation among my acquaintance. Hence 
t collected, that the increase in the circumference of trees 
is generally frcan about one to two inches annually, and 
from twelve to eighteen i ches the annual increase in height. 
Some fall a little short, and some exceed those measures, 
o From Transactions of the 8~ciety ,for the Encouragement ~Art~, ~[an~ac- 
lures, and Commerce, for 1808. .The  gold medal of the Society was voted 
to Mr. WaisteR for this ¢ommualcation. 
X 4 I sha]J 
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